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EXECUTIVE SUMMARY

Seattle Public Utilitie€SPUhas been treating Bohemian knotwe@@olygonunmx bohemicum)

in the Cedar River Municipal Watersh@RMWwith the herbicide imazapyannually since
2010 Bohemian knotweed poses threats to both water quality and habitat within the CRMW
(Appendix A)Threecity ordinances have authorizathazapyrtreatment (2010through2012
2013through2015,and 2016hrough2018). This report summarizes wodonductedduring

the 2016 through 2018 ordinangeeriod.

All ordinances have limited the herbicide use to imazapyr only, with ongoing monitoring, water
quality testing after each treatment, and annual reports to City CouDegr the past nine

years knotweed has been treatedith imazapyracrossan estimated28 acresannually most
acreshave been treated eighdr ninetimes, butsome areafave received onlgixtreatments.

It often takesmany years ofonsecutiveannualtreatments to eradicate large knotweed

patches

Herbicide use closebligns withthe total knotweed leaf biomass, because the herbicide is
applied to all leaves on each plaifihe maximum legally alloweabplicationrate forimazapyr
is 96 ounces per acréhe maximum @ount used in the watershedas26.9ounces per acre
(atotal of 678 ounces) in 201And has been as low as 0.4 ounces per acre (in Z048).
annual decrease in knotweed foliage has led to a corresponding adacadase in total
imazapyr quantities, as well as a decrease in the amount of herbicide applied per acre.

From 2010 througl2016 SPU stafsurveyed over 1100 acres of offoad habitatfor knotweed.
No additional offroad habitat was surveyed in 20b¥ 2018due to staffng shortagesand
transitions. In 2013 several moreacres of knotweed, moltat TaylorTownsite, were found
and treated for the first time. Nother patches were found 201#hrough 2016 In addition to
the 1,100 acresstaffalso survey approximately 475 acres otmi@d habitat and over 300
miles of road annually.

Water quality testing has yielded only a few imazapyr detections since 2010. However, there
were a few instances of unexpected positive detections oveytas,andit wasdetermined

that these results were likely due to selbntamination. Because of these positive sample
results, water sample collection methods were improved in 2018 to minimize the potential for
false positive results.

Two of thelargestknotweed sites Cedar River Watershdedducation Center and Taylor
Townsite) have had extensive restoration effontgh removal d invasive species and planting
of native trees and shrubstarting in 201&nd continuing through 2017. No additional work
was done in 2018Additional site restoration information is available in Appendix B.



INTRODUCTION

BACKGROUND

The highly invasive species Bohemian knotweed poses an extreme ecological threat, especially
to riparian areagAppendix A)Many years of experience by multiple agendrethe Pacific
Northwesthave found that herbicide is the only way to successftigat large patches of

knotweed. Consequenthgince 2010SPUhas been treating knotweed within theRMWunder
special ordinances that allow the limited application of the herbicide imazapyr.

To date a total of three ordinances have been passsydSeattle City Couneillowing
knotweed treatment with imazapyr, each for a thrgear period Thiglimited authorityallows
oversight and feedback from City Coumitl interested stakeholdersn the knotweel
program.The first two ordinances were for treatment from 2010 through 2012 (Number
123365) and from 2013 through 2015 (Number 1241%he most recent ordinance (Number
124852) was passed @eptember 8, 2018nd allowed treatment through 2018. All
ordinances have limitethe herbicideuseto imazapyronly, with water quality testing after
each treatment, ongoing monitoring, and annual reports to City Council.

DRIVERS FOR CONTROL

Knotweedon the Cedar River and its tributaries is regulated by the King County Noxious Weed
ControlBoard(KCNWCBjndis legally required to be controlledegal control is defined as
preventing the dispersal of all propagating parts capable of forming a new (Harg County

2018). Because knotweed can propagate from small plant fragments, complete removal of
knotweed along the Cedar River and its tributaries is necessary to fulfill this obligation. In
addition to legal requirements, SPU is obligated as therapst steward of the Cedar River to
control knotweed along itstreambanksand tributaries Downstream of Landsburg Dam, SPU,
Forterra, and King County have received grant funding to remove knotweed and restore
riparian areas along the Cedar River. Fatlingontrol knotweed upstream of Landsburg could
render these efforts uselesas fragments cafloat downstreamand create new plant colonies.

SPU focuses on being effective stewards of the municipal watershed lands and resources it
owns. Restoring and maintaining healthy forests, wetlands, streams, and lakes in the municipal
watersheds that supply Seattkrea residents with drinking water igpaiority for SPUThese

healthy ecosystems provide the abundant and kagiality drinking water on which the citizens

of this region dependProtecting water quality for human use also protects resources used by
other species. Lands of the CRMW ar@naged under the 5fear Habitat Conservation Plan
(HCP), which requires that SPU promote and protect native diversity of plants and animals.

Knotweed is a costly and destructigiant, due to its rapid growthits tendencyto quickly
displace native wvgetation, andits ability toalter soil and water chemistrA summary of the
risks posed by knotweed to the CRMW is presented in Appéndix



METHODS

KNOTWEEBURVEYS

In 2013 followingrecommendations from interested stakeholde&?Udentified over 1500
acres of offroad habitatthat potentially couldcontain knotweed, based athe location of
known knotweed patchestreams and othewater bodies, andhe extent ofdeciduoudorest
canqy. None of these sites hgateviously been surveyed for knotweethese areas were
sorted into high(1,219 acresand medium(388 acrespriority based on their proximity to
existing knotweed and flowing watefhese offroad surveys weraitially successful in finding
more knotweeal patches. In 201,38PUound a total of 2.15 additional acres of knotweed (most
in Taylor Townsite), all of which were treated for the first time that yeBy the end of 2016
less than 10@cres classified as high priority remadtto be surveyedand no further large
knotweedpatches hadeenfound (Figure 1).Unfortunately, due to staffigshortagesand
transitions no additionakurveys were conducted in 20br 2018 Surveysare scheduled to
recommence in 2019.

In addition to these prioritizedreas, SPU also annually surveys approximately 475 acres of off
road habitat. This includes all known-offad knotweed patcheandareas routinely surveyed

for other projects (e.g., wetlands surveyed for amphibian egg masses). These surveys were
completed in 2016, 2017, and 2018, and SPU anticipates this level of survey to continue. SPU
will include additional priority acres as fundingdastaffing allow. SPU also conducts annual
comprehensive invasiv@ecies surveys of mothan 300 miles of road and 13 gravel pits (8 of
which are active) as part of the Early Detection/Rapid Response protocol used by the Major
Watersheds Invasive SpesiBrogram. This level of roadrvey is expected to continue. To

date, knotweed dispersal appears to gereading bylant fragments along travel corridors
(streams, roads, wildlife paths). No new knotwgedntsthat appear to have been spread via
seed have been found.

TREATMENT AREAS

In 2016 and 2017, SPU surveyed all areas previously treated with herbicide and treated the
small scattered individual plants (Figure Righ prioritylocations weresurveyed andreated in
2018 but not all locationsvere visiteddue to time constraintsi-eweracres contained plants in
2017 and 2018 than in previous years (Table 1). Most sites have now received eight or nine
annual treatments, with a small number of patches receiving a total of six or seven treatments
by the end of 2018.

Maps in previous reports have shown knotweed at the Rock Creek Complex, Cedar River, and
road patcheson map figuresbut these patchewere notincluded in the total acreagdTable

1). The2018 report has included all acreage and, as a result, acreages in this report are larger
than in previous reports. All knotweed patches have been mapped as polygons using a
handheld Global Positioning System (GPS). In this report and all previous r&potigeed

acreage has been derived from estimating the percent cover of knotweed throughout these
polygons, and therefore all reported acreage is approximate.
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Figurel. Offroad areas of high and medium priority to surveyiforasive specieplusannual surveys and
areas surveyeth 2010through2016. No further offoad surveys were conducted in 2017 or 2018.
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Figure 2 All previouslytreated knotweedpatchesin the Cedar River Municipal Watershédost patches have been
treated eight or nine times, with some being treated as few as six times.
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Table 1. Estimated Acred KnotweedTreated by Site and Year
Hydrographic 2013 2017
Boundary Site 2010 2011 2012 2016 2018
Masonry Dam 0.3 04 0.6 0.7 0.3
i Cedar Falls In 16 16 16 1.6 1.5
Inside . Rock Creek
Hydrographic 4.4 4.4 4.4 4.4 4.4
Boundary Complex
Road Patches 4.2 4.2 4.2 4.2 4.2
Cedar River 1.0 1.0 0.8 0.7 0.1
Cedar Falls Out 1.7 18 18 18 15
Outside Ed Center/
Hydrographic | Rattlesnake Lake 3.0 3.1 32 33 1.7
Boundary Border 1.1 1.1 1.1 1.4 1.0
Taylor 0 7.6 7.7 9.3 8.8
Total IrsideHydro Boundary 115 11.6 11.6 11.6 10.5
Total OusideHydro Boundary 58 136 138 158 13.0
Grand Total 17.3 25.2 25.4 27.4 23.5

1Yeas are grouped because knotweed acreage did not change substantially during these timeframes.
2Border patches are all patches outside of the hydrographic boundary that are not at Cedar Falls, the Education
Center, Rattlesnake Lake, or Taylor Townsite.

TREATMENT LOGISTICS

From 2016 through 201&PWsed the same application method and herbicabacentration

as in 201Q@hrough2015 i.e., a targeted backpack foliar spray gfekcentaquatic formulation
imazapymixed with 0.50 2 percentmodified vegetable oil surfactant andsanall amount of
non-toxic blue dye in wateit was applied strictly according to label instructions, including
restrictions such asot applying during rain, wind, or temperature inversiél.the same

safety procedures were followed, with certified herbicide applicators onpgtéormingthe
mixing of the tank solutions. No spills, injuries, or any adverse effects were incurred by SPU
staff conducting the applications.

From2016 through 2018knotweed plants werasmalland difficult to see amongst the thick
understory of shrubs and tall grags.addition, plants had a large variation in timing of growth
with small newly emergedrowth foundas early as Magnd as late a®ctober.To get as much
herbicide into the roosystem as possibl&PUscheduleghe herbicide applicatiorior when

the plants haveout on maximumleaf growth but befae the leaves stario senesceSPU also
aims to treat knotweedefore the plant starts to floweto avoid pollinatorsThis timing varies
depending on elevation and sispecific conditions. For untiated knotweed at elevatiain

the CRMWflowering generally occurs arly September, sthe target timing ismid to late
August The other primary consideration on timing of application is the weather. August is
generally the driest monthyith September weather being less predictalffer thesereasons
SPUlbegantreatment during Augus2016 through 2018Treatments in 2017 and 20180k



longer than in previous years becausmntractors were not usednda single staff peson did
nearlyall the treatment.

To ensure thaBPUreated all knotweedplants,SPUsurveyed and treated each large site twice,

four to six weeks aparh 2016 and 2017Plants treated withmazapyrshowsigns of decline

within that timeandare easily identifiableDuringthe second surveySPUreated any newly

emerged or previously missed plan¢esK A & (G SOKYy AljdzS F2tt2g¢a YAy3d /[ 2
practices (King County 2013)me constraintgprevented staff from conducting second round

of treatments in 2018.



RESULTS

AMOUNT OF IMAZAPYRRLIED

In alltreatment sites combinedhe average applicatiorate in 2018was0.4 ouncesimazapyr

per acre Themaximum allowable ggicationrate of imazapyr i96 ounces per acrger yeat

The ptal anount ofimazapyrappliedin 2018was10 ounces spread ovepproximately23.5

acres.The total amount of herbicide applied has declthg&ince 201 1from from a total of 678

ounces applied in 20110 10 ouncesapplied in2018 Herbicide is applied using haie:ld

sprayers, and each leaf is sprayed with imazapyr. The annual decrease in knotweed foliage has
led to a corresponding annual decrease in total imazapyr quantities, as well as a decrease in the
amount of herbicide appliegder acre (Table 2).

Table 2. TotaAmount of ImazapyrApplied andApplication Rate by Year.
Year Amount Imazapyr ApproximateArea _Approximate
(02) Treated (ac) Application Rate (oz/ac

2010 334 17.3 19.3

2011 678 252 26.9

2012 244 254 9.6

2013 169 275 6.1

2014 121 275 4.4

2015 61 275 2.2

2016 50 275 1.8

2017 34 235 14

2018 10 23.5 0.4

IMAZAPYR TREATMENHSRILTS

From 2016 through 201 8nost of theknotweedsiteshave shown @ontinued decline in
foliage Above groundknotweedleafbiomassn 2017 haddeclined by 20 timesfrom 2011
levels,indicated by thedecreasan total imazapyr usedBecauseSPUattemptsto evenly coat
every leafon each plantthe total annualapplication amountsused to estimate changes lieaf
biomass and demonstrates the succ&J hakad in decreasing knotweed in the municipal
watershed.

Many of the smaller knotweed patches had either no or very few small stelost of the

larger siteghat havereceivedsixto nine previous treatments stithad small to medium
knotweed plantsscattered throughout the site, indicating thtte large rootmass, although
clearly damaged, was not yet ded¢hotweedrhizomes (roots that can sprout) can be up to 65
feet longand seven feet deef5oll 2004 It is importantto wait until all rootsegments send up
shoots scenoughherbicidecan beapplied toeach segment ahe root system to Kkill it.

Because roots caremain dormant for up to 20 yeaxgithout sending up shootghis process
can takedecades (Parkinson and Mangold 20¥0jew very large plants were found at Taylor
Townsite and RacCreek Compleix 2018, indicating that they had not been treated in several



years. Due to the complex nature of these sites, it is not surprising that patches can go
undiscovered for several years at a time. Because these plants were in flower at ¢heftim
discovery, they weraot treated to avoid disrupting pollinators. These plants witggedin
the field and their locations were recorded on a GétSreatment in 2019See AppendiA for
a complete discussion of knotweed treatment, flowering, anteptial effect on pollinators.

WATER QUALITY TEEBBLTS

In eachyear,2010through2018, water samples were taken both before (baseline) and after
(posttreatment) the herbicide applicatiarBamplesvere taken from two locations on the

Cedar Rivefoneat the point closest to a knotweed patchpproximatel\250 feet awayand

the otherat the Landsburg water supply intake facility), one location at Rattlesnake Lake, and
one location on a small eek running through Tayldiownsite.All water samples were

analyzed formazapyrat Pacific Adgcultural LaboratoryRAL nearPortland, Oregon.

Sampling protocol from 2010 through 2017 involved water sample collection on the same day
that herbicide application was taking place in other areas of the watershed. Staff who collected
water samples were often wearing clothing or boots that were wornevépplying herbicide.
Disposable gloves that were used to collect water samples were stored with herbicide
equipment and came from the same box as gloves that were used to apply herbicide. During
this time, there were several water quality test resultathvere unexpected and have been
attributed to selfcontamination. A test in 2011 that detected imazapyr prior to application at
Taylor Townsite is believed to have been-selfitaminated. In 2015, a detectiaf 0.099 parts

per billion (ppb) was found d@he Landsburg intake facility. SPU worked with PAL and
determined the sample was likely contaminated during collection. Additional unexpected
detections came from the Cedar River and Landsburg in 2016, and from one sample in 2017.

Other detections haveamne from Taylor Townsite, which is located outside of the drainage
FNBF 2F GKS YdzyAOALI f 4F GSNJ adzlJLX &3 o6dzi oA (KA
This site contains more knotweed than any other site treated by SPU, resulting in more
herbicide aplied in that area than any other. A small ditch, Taylor Overflow Ditch, runs through
Taylor Townsite, and then flows into Issaquah Creek. Taylor Overflow Ditch does not flow into
the Cedar River and is thus unlikelyafifectthe waterquality at Landsbuy. The water samples
from Taylor Townsite were taken from Taylor Overflow Ditch, and it is likely that most of these
samples were detecting imazapyr that entered the ditch after application due to the higher rate
of application in this area, and becausekmeed grows directly along Taylor Overflow Ditch. It

is also possible that imazapyr could have been inadvertently introduced to samples during
collection due to the sampling protocols described abdveummary of all herbicide

detections is in Table 3.



Table 3.Summary of Herbicide Detections During Imazapyr Treatment, 202018

15 samples collected 8/27/1810/9/18 from throughout the watershed

Ordinance Location Amount Detected
Number Year Date (Sample Number) (ug/L or ppb)
123365 2010 7 samples collected 8/30/109/15/10 from throughout the watershed

yielded no detections.
2011 8/1/2011 Taylor (Badline) 0.07
8/3/2011 Taylor (Post #1) 0.12
8/17/2011 Taylor (Post #2) 0.02
7 additional samples collected 8/1/x18/30/11 from throughout the
watershed yielded no detections.
2012 9/5/2012 \ Taylor (Post #1) 0.12
8 additional samples collected 9/4/1210/8/12 from throughout the
watershed yielded no detections.
124191 2013 9/11/2013 Taylor (Post #1) 0.042
10/8/2013 Taylor (Post #2) 0.46
11/5/2013 Taylor (Post #3) 0.021
5 additional samples collected 9/9/X311/5/13 from throughout the
watershed yielded no detections.
2014 8 samples collected 8/25/148/27/14 from throughout the watershed
yielded no detection# the field One sample was determined to be
contaminated in the lab, and lab records were subsequently correcte(
2015 8/11/2015 | Landsburg (Post #1) | 0.099
7 additional samples collected 8/10/133/24/15 from throughout the
watershed yielded no detections.
124852 2016 8/17/2016 Cedar (Post #1) 0.47
8/17/2016 Taylor (Post #1) 0.027
8/17/2016 Landsburg (Post #1) 0.036
5 additional samples collected 8/8/X83/17/16 from throughout the
watershed yielded no detections.
2017 8/16/2017 \ Taylor (Post1) 0.056
7 additional samples collected 7/24/%8/16/17 from throughout the
watershed yielded no detections.
2018

yielded no detections.

Due to the likelihood of selfontamination in samples, water sample collection methods were
improved in 2018 to minimize the potential for false positive resultsha@dklinesamples were
collected prior to any herbicide being applied in the CRMW. Aipgtication, samples were

collected wearing boots not worn during herbicide application and with disposable gloves that

were not stored near herbicide. Pesamples were also collected on days when no herbicide
application was taking place, to reduce tHeace of crosgontamination.Imazapyr is mobile
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in soil but unlikely to move through the environment until a rain event occurs, unless imazapyr
directly enters waterways through dripping or drift. Imazapyr also has difeatif two to five

days (Mangeland Ritter 2000), so detection rates can diminish after that period. With this in
mind, 2018 possamples were collected in accordance with the following criteria:

1 If spraying was conducted within 10 feet of a water body, samples were collected 24
hourslater;

1 If spraying was conducted further than 10 feet from a water body, samples were
collected after a rain event; or

1 If no rain event occurredsamples were collected within 5 days of application.

Several quality control samples were collected from Masonry Pool throughout the application
period, far upstream from any herbicide application within the watershed. Water quality was
tested more extensively in 2018, with 15 water samples collected &kogust 27through

October %at five separate locations (Figure Zhere were no detections of imazapyr in any of
the 2018 water sampleg\ppendixAincludes a detailed risk assessment and literature review
of the latest available science on the environmdratad human health effects of imazapyr

COSTS

The emulative total cost (including staff and contractor labor and materials) to treat knotweed
with herbicideover approximately 2&cresannuallyfrom 2010 through 2018 wasearly
$124,000. Approximate anud cost per acre to treat the knotweed with imazapyr has declined
from a high of $1,270/acre in 2010 to a low of $243/acre in 2017. Treatment in 2018 was
approximately $297/acre. Thcmpares with a cumulative cost néarly$200,000
($44,000/acre) to treapproximately 4.5 acres sfnall scattered patches by covering
knotweedwith geotextile fabric, a treatment SPU tried experimentally from 2004 to 2012.
Coveringvas only marginally successful on very small patches. The larger patches were still
alive afer more than eight years of continual covering. Fabric along active roads will be left
down indefinitely.Fabric was removed fromnsolated patches away from active roads and

now spot-treated with herbicideannually

The total annual cost to treat knotweed with herbicide has decreased from a high of about
$32,000 in 2011 ta low of around5,700 in 2017. Costs increased slighdlyearly $7,000n

2018 due to increased water quality testjrend those additional costs Wdontinue in the

future. The annual costs will likely average $7,000 because staff will need to continue to survey
and monitor allmapped knotweed populations for several years until the knotweed is

eradicated The time and cost to continue to control kmeeed using imazapyr will beovered

by the existing watershed Invasive Species Management Program budget an8gpaffidix A
includes an evaluation of the losigrm financial and environmental implications for knotweed
control.

11
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CONCLUSION

LONGTERM IMPLICATIGNFOR KNOTWEED CODOR

While knotweed biomass in the CRMW has decreased significantly since treatment began in
2010, there is stilvork to be done. Some knotweed patches appear to be eradicated, while
others still have small plants that persist year to year. In large sites such as the Rock Creek
Complex Education Centegnd Taylor Townsite, plants can go unnoticed for several years
row due to the shrubby understory anddtsize of the patche®ecause of this, SPU anticipates
that knotweed control in the CRMW will be a letggm management effort, although the sites
will continue to require less herbicide each year.

If left untreated, there is evidence thatamall amount of live knotweed present at treatment
sites can return to the original infestation level in as little as three seasons, eventually
surpassing the infestation levidlat waspresentbeforeany investments in krtaveed control.
Thisregrowthwould result in the loss of progress toward letegm knotweed control,

increased future control costs, degradation of environmental quality, and the alteration of the
sustainable ecological services of invaded sitesdditon, it couldjeopadizethe extensive
ongoing restoration projects along the Cedar River downstream of Landsburg. As mentioned
above, longtlerm maintenance and control costé knotweed in the CRMWhould be minimal.
However,an ongoing monitoring program essential to ensure that all known knotweed is
eradicated water quality is protecteénd any newly discovered patches are treavath
imazapybefore they have a chance to spre&bntrolling knotweed without imazapyr would
raise the costs to control knotweesiibstantially

ADDITIONAL INFORM®N

Reports detailing the010 through2012 and2013through2015 treatmentsare available in the

project plans and reports section @ityof Seattl®d 2 F G SNEKSR | FoAGF G [ 2y 3
page

http://www.seattle.gov/util/EnvironmentConservation/OurWatersheds/Habitat Cemnation
Plan/ManagingtheWatershed/StreamRiparianHabitatRestoration/Metrics/index.htm

For more information about the Watershed Invasive Species Program, see the Major
Watersheds Invasive Species Management Plan, available online:
http://www.seattle.gov/util/cs/groups/public/ @spu/@ssw/documents/webcontent/01 02901

7.pdf
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APPENDDPA: RISK ASSESSMENTERATURE REVIEW

KNOTWEED RISKS ANDNCROL

Bohemian knotweedRolygonunx bohemicum poses a large threat to the health of both

habitat and water quality in the Cedar River Municipal Watershed (CRV\W)primary goals

of Seattle Public Utilities (SPU) in the CRMW atelddP (0 S O i highJualitydddnkingO Q &
water supply and maintain and enhance habitat for fish and wildlife, particularly salmon.
Studies have shown that knotweed has many negative impacts on native ecosystems. Removal
is difficult, and although SPU hiaed multiple methods, the application of the herbicide

imazapyr has been found to be the most effective.

Risks Posed by Knotweed

Non-native invasive species are organisms introduced deliberately or unintentionally outside
their natural habitats, wher¢éhey can dominate their new environments and locally eliminate
native species. They pose serious challenges to the conservation of native biodiversity, with
significantnegativeimpacts on the functions, goods, and services provided by ecosystems.
These easystem services includbe production of clean water and the maintenance of habitat
for salmon and other native fislandwildlife including birds, mammals, amphibians, and
insects.The management costdf invasive specigaclude not only prevention, edrol, and
mitigation, but also the direct and indirect costs associated with the adverse impathesa
ecosystem services.

As is often the case with hybrids, the hybrid Bohemian knotwesesibeen found to be more
competitive and invasive thagither of the parent species, Japanese knotweRdduspidatum

and giant knotweedK.sachalinene) (Parepa et al. 2013). This hybrid is widespread throughout
the Pacific Northwest, and is the species found in the municipal watergtradng the

numerous mvasive plant species present in the CRMW, knotwesede of the most

threatening to native ecosystem functioningnce knotweed becomes established, it forms
large monotypic stands that eliminate all native vegetatma are extremely difficult to

eradicate. It can reproduce from tiny root or stem fragments, which are readily transported by
water, wildlife, and humans. If unchecked, stands continue to expand and provide propagules
that exacerbate infestations downstream and via other transportation reute

Specifically, knotweed is known to:

1 reduce the amount and diversity of native streamside vegetation through competition
for light and nutrients (Urgenson et al. 2012)

1 eliminatenative vegetation throughsecreted chemicals that are toxic to other plants,
also known asllelopathy (Murrell et al. 2011);

1 change the soil nutrients and alter soil nutrient cycling, affecting the growth and
development of native plant species and insects living in the soil (dogeet al. 2009);

1 decrease the abundance and richness of both native plants and native invertebrates
(Gerber et al. 2008);
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alter the quality, quantity, timing, and chemistry of leaf inputs into riparian areas and
streams (Claeson et al. 20X3aeson and Bisson 201&genson et al. 2009, Urgenson
2006)

1 destabilize stream banks, changing the patterns and amounts of streamside erosion and
sediment input into streams, decreasing habitat quality for fish and other aquatic
animals(Parkinson and kingold 2010King County 2035

1 provide little or no food or nesting habitat for native birds and mamn@&rkinson and
Mangold 2010King County 20}5and

1 modify the microclimate, making the area inhospitable to many native wildlife species,
includingreducing amphibian foraging succégbtaerz et al. 200b

Because knotweed inhibits native tree seedling establishment in riparian zones (Urgenson et al.
2012), it can also affect future large woody debris recruitment into streams, significantly
affectingchannel dynamics and fish habitat, potentially negatively affecting state and federally
listed fish species (NMFS 2010).

Claeson et al. (2013) compared knotweed litter with native red algrs rubra and black
cottonwood Populus balsamiferasp.trichocarpg. They found thaslthoughsenesced

knotweed leaves were lower in nitrogen and phosphorus, and higher in cellulose, fiber, and
lignin content than alder leavethey had many similarities toottonwood leaves. Fungal

biomass differed amongll threespecies and changed over time. Macroinvertebrate shredders
collected from experimental leaf packs after 31 days were proportionately more abundant on
alder leaves than knotweed and cottonwood. Rgcates were not significantly different

among leaf species, but during the first 31 days alder broke down faster than knotweed. After
56 daysall the leaf packs were mostly decomposed. Overall, the major discrepancies between
leaf species were those edkd tothe initial structural and chemical qualitf leaf litter.

However, changes in the timing and quantity of litter inputs are important factors to be
considered in understanding the impact of invasive knotweed on stream ecosystem processes.
Bohemiarknotweed dropsallits leaves in a three to four week period with the first hard frosts
of late fall whereasative deciduous shrubs and treesthe Pacific Northwesdrop the

majority of their leaves in the fall over a two to three month period, andifevous trees shed

litter over even longer time periods. Studies in England and France also found that aquatic
hyphomycete and invertebrate assembladleat breakdown organic mattediffered between
stream sites with and without knotweed (Lecerf et al0Z

Maerz et al. (2005) studied the effects of knotweed on green frBged clamitansin

terrestrial fields near wetlands. Frogs were allowed to forage in feeding buckets along transects
that traversed ground fronknotweedfree to knotweeddominated aras. They found that

change in frog mass declined significantly along transects, with most fr&gstiweedfree

plots gaining body mass and no frogs in knotwgedded plots gaining mass. It was noted in

the discussion that many factors would have begrolved in the foraging activity of the frogs,

but their results led them to hypothesize that knotweed invasions indirectly degrade terrestrial
habitat quality for frogs by reducing arthropod abundance. Their study of vegetation structure
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and composition o the test sites showed that diverse assemblages of native plants that
covered norinvaded plots were absent from areas invaded by knotweed.

Knotweed Control Options

Due tothe scale of spread of knotweed and the extreme difficulty of control by physieahs)

The Nature Conservancy (2002) has recognized that herbicides will often need to be the
primary means of control. Most cities and counties in western Washington are using herbicide
to control knotweed, including both upland and riparian areas. Satstiom the Washington
State Extension Program and the King County Noxious Weed program have found that imazapyr
is the safest and most effective herbicide for treating knotweed, resulting in the highest
mortality and using the smallest amount of chemi@&@hg County 2015; Dr. T. Miller, pers.
comm. 2014). Most land managers throughout western Washington are now using targeted
foliar spray of 1 percent imazapyr on knotweed, as it is currently the least toxic and most
effective option.

Imazapyr is aon-selective herbicide used for the control of a broad range of invasive plants
including terrestrial annual and perennial grasses, broadleaved herbs, woody species, and
riparian and emergent aquatic species. It can only be applied as a foliar sprayefmot

injection). Only glyphosate, which has higher toxicity than imazapyr, is certified for use with
stem injection. Experience has shown that the stem injection method typically uses about five
times more herbicide than foliar spraying, with no greateotkveed mortality rates. The
advantage of using stem injection can be lower mortality to adjacent native plants. However,
when foliar spray is correctly applied, therensimaldamage to adjacent plants.

Knotweed Control in the Cedar River Municipal Wasbed

SPU focuses on being effective stewards of the municipal watershed lands and resources it
owns or controls. Restoring and maintaining healthy forests, wetlands, streams, and lakes in the
municipal watersheds that supply Seattieea residents with drinkingater is a priority for

SPU. It is these healthy ecosystems that provide the abundant andybagtty drinking water

on which the citizens of this region deperrtotecting water quality for human use also

protects resources used by other species. Lasfdbe CRMW are managed under the-ysar

Habitat Conservation Plan (HCP), which requires that SPU promote and protect native diversity
of plants and animals.

SPW &econdary Use Policies, adopted by Ordinance 11d4682nacted in 1989prohibits the
useherbicides (i.e., pesticides designed specifically to be toxic to plants) in the CRMW. The
intent was to stopghe broadcast spraying of herbicide to control vegetation along forest roads,
a typical forest management technique at that time. This was pdadhé widespread

recognition of the damage that certain ngrative invasive plants carave onecosystems and
water quality.

SPU attempted to control a total of 4.5 acres in the CRMW by continual covering with
geotextile fabric for eight years (2004 thrdug012). This expensive (greater than $200,000)
attempt was successful only on the smallest patcls#sce 2008, SPU, King County, and
Forterra have received over $1,30,000 in grants for programs to control this destructive plant
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and restore riparian areaaong the Cedar River below Landsburg. They have worked along a
total of 19 river miles, using herbicides to treat knotweed scattered over 105 acres of riparian
habitat. They have planted over 20,000 native plants, worked with 368 landowners and
engaged wer 900 volunteers (Stewardship-Action 2014). Continued upstream control in the
CRMW is essential to the success of these extensive efforts to control knotweed downstream
and restore critical habitat used by salmon and numerous other wildlife species.
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IMAZAPYR TOXICITYARISKS

Imazapyr inhibit@n enzyme and amino acid synthesis found only in pjamtd is thus

classified as a Category Il (low toxicity) herbicide by the US Environmental Protection Agency

(EPA) (2006). Imazapyr has relatively lowdity to mammals, showing low toxicity if

individuals get residues on their skin, and very low toxicity if it is eaten or inhaled. It is classified

4 GLINI Qiar Of elig2yat AaKiGfe (BEEDOEA2TAAKNRAY
2006).

Most of the toxicology studies are unpublished reports submitted to the EPA as part of the
registration and reregistration process. This can potentially be a concern of bias. But, as stated
in Durkin (2011), this concern is largely without foundation beedhere are strict guidelines
developed by the EPA for conduct and reporting of studies. In addition, these types of studies
are conducted under Good Laboratory Practices, an elaborate set of procedures involving
documentation and independent quality cootrand quality assurance that typically exceeds

that required of open literature peereviewed publications. Finally, the EPA reviews each study
for adherence to their guidelines and practices.

Imazapyr Risks to Human Health

Human health risk is evaluatéa relation to toxicity testing on mammals. As reportedEA

(2006) and reviewed in Durkin (2011) aARIEC (2009), the acute oralssQethal dose at

which 50percent of the test subjects die) is greater than 5,000 mg/kg for mammals. This is the
highest dose tested, but that dose still did not achieve a 50 percent mortality in laboratory
animals. Spa definitive mammal Lfgwas not able to be determined. Tharonic dietary No

Observed Adverse Effect Level (NOAEL) is 10,000 parts per million (ppm) in dogs, rats, and mice.

Severamulti-generation reproductive and developmental studies were conducted, and none
indicated any adverse effects on reproductive cafyast normal development. Results of

assays for carcinogenicity and mutagenicity are consistently negative, so the EPA categorizes
imazapyr as Class E: evidence of-narcinogenicit{ EPA 2006 TheEPA human health risk
assessment for imazapyr finds nedpoints of concern associated with systemic toxic effects

for either acute or chronic exposures (Durkin 2011). Available data indicate that orally
administered imazapyr is well absorbed, and the majority of the dose is rapidly excreted
unchanged in urin@nd feces (Durkin 2011). No endocrine or immune system effects were
observed. Only one study of very high intravenous doses showed any signs of neurotoxicity
(AMEC 2009). No other studies showed any neurotoxic effects.

Some clinical case reports of humatentional (attempted suicide) or accidental ingestion of
large amounts of the formulation Arsenal are reported in the open literature. The reported
signs and symptoms of imazapyr poisoning included vomiting, impaired consciousness, and
respiratory distres requiring intubation (Leet al. 1999). The respiratory distress was likely due
to aspiration from vomiting and not from the imazapyr. There are no reports of human fatality
due to large amounts of imazapyr ingestion. (Durkin 2011).

Studies on effects adcute dermal exposure, up to 2,000 mg/kg, were not associated with any
signs of systemic toxicity (AMEC 2009). When risk characterization for workers was computed,
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even at the highest application rate modeled, the upper range of hazard quotients was below
the level of concern by a factor of 8.5 (AMEC 2009). Imazapyr is reported as a mild skin irritant
and mild eye irritant. Two studies of 99.3 percent imazapyr powder (acid) administered directly
into the eye found severe and irreversible eye damage (DankéhFollansby 2004). Because

only dilute liquid and not concentrated powder is used in general herbicide application, this
finding was not considered relevant to the risk assessments (Durkin 2011).

Dr. Allan Felsota weltknown and respected toxicologiahd professor of environmental
toxicology at Washington State Universiiyepared a worstase scenario for this project in

which the entire maximum annual amount of herbicide usedbthe knotweed in 2015 in the
CRMW (not just that within the hydrographic boundary) was put directly into Lake Youngs, the
municipal water storage lake. That would result in a concentration of 26.6 parts per trillion of
imazapyr. He assumed no breakdowrtle# chemical and evaluated the human health risk of
this concentration in the drinking water. His data showed that this concentration was at least
60,000,000 times lower than the dose found to cause no adverse effects on a human child.

Imazapyr Risks to Wdlife

In both 2005 and 2011 risk assessnrthe US Forest Servi@gSFS) found that no adverse
effectsare likely to occur for a variety of mammals and birds with spraying at a typical
application rate (Durkin 2011, Bautista 2005judies evaluated lib acute (single) and chronic
(extending over the average species lifetime) exposures. Test animals included small mammals
such as mice, small insectivorous mammals, both large and small herbivorous mammals,
medium carnivorous mammals, figating birds, krbivorous birds, predatory birds, and
insectivorous birds. Studies indicate that imazapyr is rapidly excreted in urine and feces by
mammalian systems, with no bioaccumulation in the liver, kidney, muscle, fat, or blood (Soll
2004, Milleret al. 1991).Although herbicides contain inert ingredients that are considered
proprietary, these toxicity tests were performed on the entire formulation, not just the active
ingredient, indicating that the inert ingredients likely have low toxicity as well.

Apeerreviewed field study found that there were no adverse effects on benthic

macroinvertebrates (including invertebrate biomass, community composition, and deformities)

at rates as high as 100 times that of normal applications (Fowlkes et al. 2003)eAped®

reviewed study tested the embryos of zebra fiSfagio rerig in an extremely sensitive in vivo

6SadG F2NJ GKS STFFSOUta 2F SYyR2ONAYyS aeaiaSy Reats
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Trumbo and Waligorg2009) in an acute toxicity study of bullfrog tadpolBsi(a catesbeiana
a surrogate for native amphibians, found the’t@thal concentration in water in which 50
percent of the subjects die) for imazapyr was 1,739 mg/L. Angesuration over 100 mg/L is
considered practically netoxic. This extremely high concentration required to achieve 50
percent mortality indicates that imazapyr has very low toxicity to the tadpoles.

In a toxicity study directed at the Oregon spotted f(&ana pretiosg listed as federally
threatened, Yahnke et al. (2013) exposed juvenile spotted frogs to tank mixes of imazapyr
(aquatic formulation), surfactant (Agtiex), and dye for 96 hours at concentrations associated
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with an application rate of up to 96 oz/ac. Following exposure, the frogs were reared for two

months. No mortalities or changes in feeding behavior, growth, or body and liver conditions

were found. Tl tank mix used in the study (aquatic formulation and AFx) is the same one

dzZaSR Ay GKS /wa23x SEOSLII GKIFG {t! Qaieslt LILIX A Ol GA
imazapyr directly to water.

In another amphibian toxicity study, Hurley and Shanamaf{p06onducted a risk assessment
of imazapyr to the California rdédgged frog Rana aurora draytonij also federally listed as
threatened. They found that no direct adverse effects were expected for either the aquatic or
terrestrial phase of the frog. Tlrealso found no indirect adverse effects through food sources.

A recent study compared the relative sensitivity of amphibians and fish to over 50 different
chemicals (Weltje et al. 2013). They found that for both acute and chronic sensitivity,
amphibians ad fish had very similar responses. So recent concern that amphibians may be
more sensitive to various chemicals than fish may be unjustified.

Imazapyr Risks to Pollinators

European honey beé\pis melliferq Colony Collapse Disorder (CCD) is a major cofmte

western Washington, as well as throughout the country and world. Since the disorder was first
named in 2007, population declines in European honey bees, native bees, and other pollinators
have continued. Native bumble bees in particular have suffergdificant range restrictions

and reduced abundance (Hatfield et al. 2012). These pollinator declines have a significant
negative effect not only on agricultural crop production, but also on native plant reproduction
and native biodiversity.

Recently, nenicotinoid insecticides (insecticides are pesticides specifically designed to be toxic
to insects) have been identified as likely contributors to the population declines (Hopwood et
al. 2012). Unlike earlier insecticides, they are kagjing compoundshiat can be systemic

within the plant (including pollen and nectar) and are now extensively used both in agriculture
and by homeowners. Several of these types of insecticides, including imidacloprid, the most
widely used neonicotinoid product, are toxictagh doses to both honey bees and bumble bees
(Schmuck et al. 2001). Data for chronic low dose exposures are less clear. It may or may not
cause mortality, depending on specific factors and conditions. However, it still may cause
sublethal alterations inavigation, learning, and foraging activity (Han et al. 2010, Decourtye et
al. 2003).

Although no direct link has been demonstrated between neonicotinoids and CCD, it is likely one
of several major contributors and stressors. Other contributors likely dectlisease, parasitic

bee mites (includinyarroa mite) and miticides used to control them in the hives, fungus and
fungicides, nutrition, and synergistic effects between the stressors (SaBehegrand Goka

2014, Johnson et al. 2010). In their risk asses® of pesticide residues and bees, Sanehez

Bayo and Goka (2014) reported that a total of 161 pesticides have been found in bee hives, of
which 83 were insecticides, 40 fungicides, 27 herbicides and 10 acaricides. Of the 49 most
common compounds, six welreerbicides, and none included imazapyr. Johnson et al. (2010)
listed 121 pesticides found in apiary samples of wax, pollen, bees, and honey, and imazapyr was
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not among them. Likewise, Wu et al. (2011) found 39 pesticides in brood combs, of which only
two were herbicides and neither were imazapyr.

The primary cause of bee poisoning is highly toxic insecticides with residual toxicity longer than

y K2dzZNAE® | 220Sy SG Ff® ownmol y2aSa GKFG auKS
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Imazapyr is not included in the 150 active ingredients most likely to cause bee toxicity (Hooven

et al. 2013).

Imazapyr toxicity to humans and animals discussed above also ajopiesects. Because

imazapyr inhibits enzymes found only in plants, it has very low bee toxicity. The honey bee was
tested for toxicity during the initial toxicity studies (Atkins 1984, Atkins and Kellum 1983, cited
in Durkin 201}, where the LE» for both oral and contact toxicity studies was greater than
0.1mg/bee (or greater than 1,000 mg/kg of body weight). This is similar to the NOAEL values
reported for mammals and birds. As with mammals and birds, they were unable to reach an
LD level at the highetsdoses tested (i.e., less than 50 percent of the test subjects died).

{GFN)] SG Fft® 6nnmu0 O2yRdzOGSR | aiddzRé 2y (GKS
butterfly (Apodemia virgul)i, one of which was imazapyr. They used the terrestrial formarat

(which includes surfactant) and the maximum legal allowable dose (96 oz/ac, compared to

{t! Qada KAIKSAG FLIWIXAOLFIGAR2Y NIXGS 2F unHcogp 21kl O
stages between molts) while they were on buckwheat. In additiony g8pgrayed only the

buckwheat, then fed it to the larvae. All three herbicides reduced the number of individuals
reaching the pupal stage by 24 to 36 percent. Because each herbicide had a different mode of
action, the authors stated that the effects werkdly due either to inert ingredients or indirect

effects on food plant quality, rather than direct toxicity from the herbicides. Stark (2015 pers.
comm.) stated he knew of no ongoing or planned studies looking at the effects of imazapyr on
bees or other ptinators. In 2015, the Pesticide Program Director for the Xerces Society for
Invertebrate Conservation (A. Code pers. comm.) also knew of no research looking at toxicity of
imazapyr on pollinators. There are no published data to indicate that dermal ctamta

ingestion of imazapyr by bees or other pollinators causes any toxic effects, lethal or sublethal.
Because past research has not found any significant toxicity of the herbicide imazapyr to bees,
researchers are focusing on insecticides, many of wdaiethighly toxic to pollinators, as

discussed above.

Herbicides can indirectly affect pollinators if they remove a significant portion of their food

sources. This can be a concern with knotweed, as large flowering patches can be used

extensively by beesnlthe municipal watershed, SPU bends large canes prior to the first
KSNDAOARS GNBIFGYSyids GKSy GNBIFGa GKS NBINRBgUK
CRMW is that after the first herbicide treatment, the knotweed abgueund biomass is

greatly educed, and only an occasional isolated plant might produce a few flowersidat

plants do not flower in subsequent treatment years. This was confirmed by several other land
managers in western Washington at knotweed working group meetings in 2018lingpors

are observed on knotweed before spraying, spraying is delayed to a time of day where
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pollinators are not present, or after the flowers have gone to seed. This method is consistent
with the King County Noxious Weed Control Program, which in @@iied its already existing
practices for treating knotweed with herbicide and potential effects on pollinators. In their
updated Best Management Practices for Knotweeds brochure (King County 2015), they state
that they avoid spraying knotweed when bemsother pollinators are present whenever
feasible.

SPU shares the concern about pollinator population declines. Consequently, SPU is planting a
range of native flowering plants whenever appropriate during CRMW restoration projects,
including restoratiorof sites formerly dominated by knotweed. SPU chooses a variety of native
plants that have different flower colors and shapes, with flowering periods that vary
throughout the growing season, providing nectar and pollememypollinator species,

focusing specially on native bumble bees (Hatfield et al. 2012). This diversity of native species
should provide better native pollinator habitat than the invasive knotweed, which flowers for a
single short period during late summer or early fall, depending on kezatlevation, and site
specific factors such as soil type and moisture
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IMAZAPYR CHEMISTRY

Imazapyr is the common name for the chem§,5-dihydro-4-methyk4-(1-methylethyl)

50x0-1H-31 imidazol2-yl]-3-pyridinecarboxylic acid. It is sold under numerous trade naames

has both terrestrial and aquatic formulations. The aquatic formulation does not include
surfactant. Several studies have found that the surfactant in terrestrial ggaitedormulations

may be more toxic to amphibians than the main ingredient itself (King and Wagner 2010,
Relyea and Jones 2009, Cauble and Wagner 2005). There is concern that this may also be true
for imazapyr formulations. For this reason, SPU alwaysthsesquatic formulation of

imazapyr and mixes with the least toxic surfactant available.

Imazapyr Mode of Action

Imazapyr is absorbed quickly through plant foliage and can also be taken up byltriots.

moved readily within the plant to the growing meristematic tissues, where it inhibits the
enzyme acetolactate synthase (ALS) (Tu et al. 2004). ALS is requitrezidgnthesis of three
essential amino acids required for protein synthesis and cell growth in the plant (valine, leucine,
and isoleucine). Only plants have ALS and produce these three amino acids; animals must
obtain them from their diet. Because animals dot synthesize these amino acids, imazapyr is
specifically toxic to plants and has low toxicity to humans and other animals (including
mammals, birds, fish, and insects) (Massachusetts Department of Environmental Protection
2012, Durkin 2011, Bautista@®, Durkin and Follansbee 2004). The rate of plant death is
usually slow (several weeks) and is likely related to the amount of stored amino acids available
to the plant.

Imazapyr Breakdown Process and Byproducts

The halflife of imazapyr in soils in théefd have been has been reported to be as short as 10
days to as long as 17 months in humid temperate climates, depending on soil type and particle
size, pH, temperature, moisture content, and organic material content. Because imazapyr is
water-soluble, itcan move in soil and can potentially enter the ground water. However, the
amount of imazapyr movement depends on the soil pH. Below pH 5, the adsorption capacity of
imazapyr increases and its movement in soils is limited (Soll 2004). Most forest a@itenn
Washington are acidic, with soils under Douglagenerally below pH 6, and soils under red

alder (common in riparian areas) below pH 5 (pers comarlene Zabowski, soil science
professor, University of Washington).

Imazapyr is degraded slowly soils primarily by microbial metabolism. It will undergo rapid
photodegradation (breakdown by sunlight) in water, but there is little to no photodegradation
of imazapyr in soil, and it is not readily degraded by other chemical processes. Imazapyr does
not bind strongly with solil particles and, depending on soil pH, can be neutral or negatively
charged. When negatively charged, imazapyr remains available in the environment for
continued uptake by the target species until it is degraded by soil microbes.

Imazapyr is water soluble and is broken down by sunlight in water, with a reportedifbaif
water as short as two days (Soll 2004), but no longer than five days (EPA 2006). A study of the
persistence of imazapyr associated with smooth cordgrass contesi estuary in Willapa Bay,
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Washington, found hallives were less than 0.5 day in water and 1.6 days in sediment (Patten
2003 Pless 2006

Ly 61 GSNE AYFTFLEBNI AYAGAFffE® LIK2G§2RSINI RS&E NI
a/ [ o winyddrxyfurol[3,4b]pyridine5(7H) and 2,3yridinedicarboxylic acid). According to

the manufacturers, CL119060 is biologically oxidized to CL 9140, and eventually mineralizes to
carbon dioxide (CO2) following the cleavage of the pyridine ring struddaté. imazapyr

degradation byproducts rapidly degrade, with half lives of two to five days (Mangels and Ritter

2000 Wisconsin Department of Natural Resources 2012

Dr. Felsot, referenced above in the Imazapyr Rislkduman Health section, was asked abou

the potential toxicity of breakdown byproducts. He said that all these byproducts are
biodegradable. When the formulation is given to test animals in high doses, they result in
similar breakdown byproducts within the animals as would occur in the envieot Indeed,
these breakdown byproducts are even more bioavailable than any that would occur in the
environment because they are already in systemic circulation within the animal. In the
environment, bioavailability is limited by interactions with solitifaces, such as soil, sediment,
plant waxes, etcThus, these breakdown byproducts, if toxic in and of themselves, would have
affected the physiology of the test animals. Yadtthe listedbyproductsdo not cause acute
toxicity at environmental levelsf@xposure. In fact, none of the byproducts even cause chronic
or subchronic toxicity at levels of environmental exposure.
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IMAZAPYR ADJUVENTS

Adjuvants are compounds added to the formulation or the spray mix to improve its

performance. They canenhandé 6 | OUAQBGAGE 2F 'y KSNBAOARSQA | (
adjuvant, including surfactants) or offset any problems associated with its application (special
purpose or utility modifiers such as defoamers). On the label, these compounds are often called
GANIBE 2NJ G20KSNJ AYINBRASyGaédd {dzNFFOGFyida I NB
more effective by increasing absorption into the plant by lowering the surface tension between

the liquid herbicide formulation and the solid leaf surface. Adjuvaats make a significant

difference in how well the herbicide treatment works. Adjuvants present in terrestrial

formulations generally include both inert ingredients and surfactants (discussed separately

below). Those in aquatic formulations include inegredients, but not surfactants.

Inert Ingredients

Formulations of herbicides often contain proprietary carriers and otheédsof f SR a A y SNIi ¢
ingredients that are usually not identified on herbicide lab&lse EPA now uses the term

G20 KSNI Ay INE RKS Wi & yNINGIKS 62 RSAONRAOS (GKSasS 02
added to a formulation but have no inherent herbicidal activity. Inert ingredients (inerts) are

most often added to the formulation to facilitate its handling, stability, or mixing.

Inerts and surfactants are not under the same registration guidelines as the active ingredients
in pesticides. The EPA classifies these compounds into four lists based on the available toxicity
information:

T [A&0d MY GAYSNIA& 2F G2EAO2t23A0Ft 02y OSNYé
T [A&80 HWISEWRISYR2ZEAO AYSNIA&ASES KAIK LINAZ2NRGE T3
T [AdalG oY GAYSNIa 2F dzyly26y G2EAOA(GRE

T [A&aG nY GYAYAYFf NRai]l AYSNIaé¢d 2N aAySNIia ¥

conclude that their current use patterns will not adversely affect public health or the
SYGANRYYSYyldé
If the compounds are not classified as toxic, then all informatiothem is considered
proprietary and the manufacturer need not disclose their identity.

The identity of inert compounds used in imazapyr formulations is generally confidential, but
Syracuse Environmental Research Associates reviewed them, using the Fefddrmation

Act, for preparation of risk assessments conducted for the 3&in 2011Bautista 2005,

Durkin and Follansbee 2004hey conducted very comprehensive searches of the literature

and used peereviewed articles from public scientifitdrature, current EPA documents

available to the public, and Confidential Business Information to evaluate toxicity and risk from
the herbicides analyzed. No apparently hazardous materials were identified in the review of the
inerts used in either the teastrial or aquatic formulations of imazapyr.

The Northwest Coalition for Alternative to Pesticides obtained information on inert ingredients
in the formulation Arsenal (aquatic formulation) under the Freedom of Information Act and
posted it on their websé. The only inert listed other than water is glacial acetic acid (defined as
anhydrous or watefree acetic acid, i.e., undiluted). Dilute acetic acid, the major component in
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vinegar, is an approved food additive and is classified as a Generally Rega&kte a
compound (AMEC 2009).

Surfactants

There are several types of surfactants, including-roomc which form stable emulsions, -oil

based or methylated seed oil concentrates, organosilicon, and nitrogen containing compounds.
They are usuallgroprietary blends of heavsange paaffin-based petroleum oil, polyol fatty

acid esters, and/or polyethoxylated derivatives therediey improve pesticidapplication by
modifying the wetting and deposition characteristics of the spray solution, regutia more

even and uniform spray deposit on the leaves of the target species.

In toxicity tests on rainbow trout performed by the Washington Cooperative Fish and Wildlife
Unit at the University of Washington, Adpex was found to be by far the least iosurfactant
tested (Smith et al. 2004). In their laboratory tests it took 271 ppm, or a concentration of
greater than 1000 mg/L, for an LC50 dose (the concentration at which 50 percent of the test
subjects died). This compares to only 6 ppm fdrlR17ppm for L1700, and 74 ppm for Hasten.
They also studied the relative concentrations of the surfactants in relation to water depths
expected in the field. Even at the maximum allowed concentration ofexiof 5 percent

(more than 5 times that used in kiweeed control), a trout stream would have to be sprayed
directly and be less than 5 mm (or about ¥4 inch) deep in order to reach the LC50 concentration
for trout. Clearly trout could never survive in such shallow water, so in practice no mortality
would ocair.

The 2008 Material Safety Data Sheet for Ak reports that it is expected to be adsorbed to

soil and should be biodegradable. Bioaccumulation is unlikely due to the low water solubility of
the product. Animal toxicity data for similar products remui very large doses (greater than
2,000 mg/kg) to cause mortality, showed low inhalation toxicity, and were practically non
irritating to skin and eye in tests on rabbits.

The Washington State Department of Agriculture requires aquatic toxicity teswuiffactant is
labeled for aquatic use in that state. In 2012 they summarized the aquatic acute toxicity data
for adjuvants allowed for use on aquatic sites (WSDA 2012). Of the 25 products reviewed, Agri
Dex had by far the least toxicity to rainbow traard daphnids (LC50 of greater than 1000

mg/L). Consequently, SPU uses Ak (0.5 to 2 percent) as the surfactant mixed with the
aqguatic formulation of imazapyr to treat knotweed in the Cedar River Municipal Watershed. All
available data continues to inghte that this combination is the least toxic option.
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APPENDIX B: SITE REBATION

Ensuring knotweed treatment sites are repopulated with native plants following treatment is

the most effective methoddr preventing reinfestation of knotweed and other invasive plants.

{t!'Qa 3J2If A& (2 NBalG2NB FNBFa F2NXYSNIeée 200dzl
ecosystems dominated by a variety of native trees and shrubs. This restoration will both

increase resitance to future invasions by nerative species and provide high quality habitat

for native wildlife, including birds, mammals, amphibians, and insects. Most large sites formerly
occupied by knotweed became infested with other Awative invasive speciedter treatment.
Consequently, these sites need continued restoration work, including removal of other invasive
species and planting native trees and shrubs. The two largest knotweed sites, the Education

Center and Taylor Townsite, have been actively mestsince 2013.

EDUCATION CENTERTREGATION

In 2013, the nosprofit group Friends of the Cedar River Watershed (FCRW), in conjunction with
SPU, received ayear King Conservation District (KCD) grant totaling $46,000 to restore the
formerly knotweedinfested area near the Education Center to native trees and shrubs. The
grant funded several volunteer events and six weeks of Washington Conservation Crew (WCC)
time spread over the five years, from 2013 through 2017. It also funded the purchase of
approximately 2,800 native plants. In 2015, FCRW dissolved and Forterra assumed
management of the grant.

From 2013 through 2017, SPU and FCRW staff, volunteers, and WCC crews cleared the
Education Center site of invasive Himalayan and evergotakberry Rubus armeniacusnd
Rubus laciniatys English ivyHedera helix black locustRobinia pseudoacagiafoxglove
(Digitalis purpureg mullein {erbascum thapsysScots broomGytisus scoparijisand

birdsfoot trefoil (otus corniculatysthat had invaded the area formerly dominated by
knotweed. SPU staff designed seven planting zones, each with differerteiongyoals and
specific planting plans (Figure B1). A total of 204 native overstory trees (seven species), 3,397
small trees and shrul{81 species), and 486 forbs (five species) were planted during these
years (Table B1). In addition, volunteers and contractors moved several hundred yards of
mulch, surrounding each native planting with mulch to help suppressnatine weeds and
providemore growing space for the plantings. SPU will continue planting native species, as
needed, both from purchased stock and from transplanting appropriate species from nearby
sites in the municipal watershed visual record of Education Center knotweed mwe to
treatment and site restoration from 2010 through 2017 is found in Figures B2 through B17.
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Figure BlLocation of the seven planting zones near the Education Center
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